Holstein calves ( n = 68; 40 heifers) a t two locations were used to evaluate effects of the addition of plasma protein to milk replacers on growth, intake, feed efficiency, and fecal scores. Milk replacers were formulated to contain 20% CP and 20% fat. Plasma was added to milk replacers to provide 0 or 25% of CP and replaced whey protein. Calves were fed colostrum for 3 d and then milk replacer (10% of BW/d) for 56 d. Initial mean BW was 38.0 kg. Commercial calf starter was offered for ad libitum consumption throughout the study. Composition of the milk replacer had no effect on weekly BW, BW gain, intake of milk replacer or calf starter, efficiency of BW gain, or fecal scores. Mean BW gain during the 56-d study was 473 g/d, and mean BW at 56 d was 65.8 kg. Calves consumed 534 and 575 g of DWd of milk replacer and calf starter, respectively, during the 56-d trial. Inclusion of plasma proteins at 25% of CP supported growth equal to that of whey protein. 
INTRODUCTION
Milk replacers ( MR) are widely used in the US for providing nutrients to calves prior to weaning. According to a USDA study ( l), 59% of herds surveyed used MR to feed calves a t least occasionally. Protein ingredients in MR contribute significantly to the overall expense of these products. Most protein in MR is provided by ingredients derived from milk, including whey protein concentrate, dried whey, and dried skim milk. Alternative sources of proteins in MR, including soybean (3, 9), fish (12), and others (13, 181, have been evaluated in MR in an effort to reduce cost. However, many alternative protein sources result in reduced performance. Recently, proteins from animal plasma have been used in early weaning starter diets for pigs (4, 6 ) and in MR for calves (10, 19) . Plasma proteins may be attractive because of their high digestibility and favorable AA profile. The concentration of Ig in plasma may also influence intestinal colonization by enteric pathogens ( 2 ) . Therefore, the objective of this study was to evaluate the use of animal plasma in MR ( MRP) on intake, rate of BW gain, feed efficiency, and fecal scores of young dairy calves.
MATERIALS AND METHODS
Holstein heifers ( n = 40) and bull calves ( n = 3 0 ) a t the Ames ( n = 20) and Martin ( n = 50) Experiment Stations were assigned randomly a t birth to receive MR containing milk protein ( MRM) or MRP. Animal plasma was included to replace 25% of the milk protein. Plasma was obtained from bovine abbatoir blood that was treated with sodium citrate, centrifuged, filtered (0.01 to 0.001 pm), and spraydried prior to incorporation into MR. The MR (Merrick's Inc., Union Center, WI) were formulated to contain 20% CP and 20% fat and contained no antibiotics or coccidiostats. Ingredients of MRM included 28.2% dried whey, 48.9% whey protein concentrate, 20% edible lard, and 2.8% vitamins, minerals, and lecithin. Animal plasma constituted 7.5% of MRP and replaced whey protein concentrate. Both MR were formulated to provide vitamins A, D, and E and minerals to meet or exceed NRC ( 11) recommendations for MR. At birth, calves were fed maternal colostrum ( 2 L per feeding; two feedingdd) for 3 d and then were moved to individual hutches for the 56-d experiment. The MR were mixed with warm water to 12.5% DM and fed at 10% of BW/d in two feedings. Amount of MR offered was adjusted once weekly after weekly BW was determined. Commercially prepared pelleted calf starter ( CS; Con-Agra, Inc., Omaha, N E ) was fed once daily for ad libitum consumption, and orts were measured daily. Water was available a t all times. Calves were weighed at the initiation of the study and every 7 d thereafter. 
Experiment Stations).
Fecal scores (1 = normal fecal consistency to 4 = severe scours) were determined at the a.m. feeding ( 7 ) . The CS and MR were sampled once every 2 wk and composited for analysis of DM, CP, ash, ADF (CS only), Ca, and P. Weekly intake, BW, feed efficiency, and fecal score data were analyzed as a 2 x 2 x 2 factorial arrangement of treatment, sex of calf, and site by repeated measures ANOVA ( 16) . The BW at initiation of the study was included as a covariable.
Significant ( P e 0.05) two-and three-way interactions were included in each model. Data were pooled for the entire study and then were analyzed as a randomized complete block experimental design by ANOVA, using BW at initiation of the study as a covariable. Significance was determined at P < 0.05 unless otherwise noted.
RESULTS AND DISCUSSION
Two calves at the Martin Experiment Station died during the study and were not replaced. Therefore, least squares means are presented. Mean BW at the initiation of the study (3 d of age) was 38.0 kg (SE = 0.8). Calf BW at 28 d tended ( P e 0.09) to be lower for calves fed MRP (Table 11 , although BW at 56 d did not differ. Weekly least squares means of BW, BW gain, intake of CS and MR, and feed efficiency were unaffected by MR composition (Table 2) .
Weekly BW and BW gain increased as age increased ( P e 0.01); BW gain approached 900 g/d by 7 wk of age (Table 2) , which is an excellent rate of BW gain for herd replacements prior to weaning. Weekly BW and BW gain were affected by an interaction of week of age and initial BW; calves with smaller initial BW did not gain as rapidly as did larger calves at a similar age. Similarly, the interaction of initial BW and week of age was significant for MR intake, total DMI, and feed efficiency. Calves in the study by Morrill et al. ( 10) weighed approximately 54 kg at 6 wk of the study ( 7 wk of age) and were fed 454 g of MWd until weaning at approximately 35 d. That 54-kg BW was somewhat lower than the mean of 60.2 kg at 7 wk of age in the current study. However, our calves were fed more MR throughout the study (mean = 534 g/d for 56 d ) .
Intake of MR increased as age and BW increased, which was a function of the experimental protocol. By 8 wk, calves consumed 700 g of DM of the MWd ( Table 2 ). The amount of MR consumed was affected by fecal scores; MR was replaced by electrolytes when the fecal score was 23. Refusals of MR were otherwise minimal and were generally related to incidence of enteric disease.
Intake of CS increased linearly as age increased ( The lack of treatment effect on weekly BW gain, intake, and feed efficiency (Table 2 ) indicated that plasma proteins may contribute up t o 25% of CP of the overall protein in MR for the preweaned calf. Hansen et al. ( 4 ) concluded that porcine plasma was superior to skim milk in starter diets of pigs and that plasma had a positive influence on growth and intake. Our data suggested that plasma protein supported BW gain in a fashion similar to whey protein.
Recent evidence ( 2 ) suggests that inclusion of Ig in MR may reduce the incidence of scours and improve animal performance. However, MRP did not influence the incidence or severity of scours a t either location in this study. Further data are required to determine conditions that influence the effectiveness of dietary Ig on enteric disease.
CONCLUSIONS
Plasma proteins added to MR supported intake and rates of BW gain similar to those for MRM. In all cases, BW gain and intake of MR and CS in calves fed MRP were similar to those of calves fed MRM. Inclusion of plasma protein in MR formulations depends on economy and necessary supplementation to ensure proper AA balance. There was no evidence of an improvement in fecal scores or days scouring when MRP was fed.
